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Abstract 
This paper presents an empirical improvement made to a desalination unit that works under the humidification and 
dehumidification of air process. It has been observed that the heat content of rejected brine is still usable. A heat 
exchanger was added in order to partially recover that heat flux, and reintroduce it to the system at a point where 
temperature gradients make sense. A significant amount of heat is recovered, producing an increment of about 6 to 
10% in the distillation rate. 
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Nomenclature 
Cp Heat capacity of seawater, J/(kg °C) 
D Distillate flow rate, kg/s 
L Seawater flow rate, kg/s 
condQ  Seawater rate of heat transfer in condenser, J/s 
DQ  Equivalent heat rate due to distillate production, J/s 
Ti Temperature at point “i”, °C 
ΔHvap Water enthalpy of vaporization, J/kg 
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1. Introduction 
Desalination could be an option to provide drinking water in many places where this is a scarce 
resource and seawater is available. However, technologies for desalination are energy intensive, and 
conventional energy is becoming expensive worldwide, thus making desalination an expensive process. 
Water scarcity and sun availability are climatically correlated, especially in arid zones. This fortunate 
correlation makes solar energy a valuable option to energize solar desalination. There are a number of 
conventional and technologically mature processes to remove salts from water. A family of those 
processes is based on thermal energy fluxes, such as multistage flash (MSF) and multi effect desalination 
(MED). However, those processes require very precise control of temperature, pressure and heat flux in 
each stage or effect, in order to maintain their desalinated water production. This requirement poses a 
challenge when solar energy is intended to be used, which is continuously variable [1]. 
On the other hand, solar stills have been used to obtain drinking water during more than a century, and 
have been improved in geometry, materials, building methods and operation procedures along those years. 
This technology is inherently adapted to solar energy because no boiling conditions are needed, and its 
simplicity results in a grade of reliability. However, the lack of heat recovery and other factors prevent 
solar stills from being economical in other than the small scale [2]. 
Multi effect humidification and dehumidification of air (MEH) is a technology developed to take 
advantage of the vaporization without boiling,as in solar stills, but adding a device to recover the heat of 
condensation instead of rejecting it to the surroundings as is common in solar stills [3]. Due to the fact that 
heat is recovered, it has been named “multi effect”, but this term is not correct or at least does not have the 
same meaning as in MED or MSF in which heat is reused many times due to the fact that boiling can 
occur at different temperatures if the pressure is controlled accordingly. 
This paper is based in the work of Hermosillo et al. [4], which presents a MEH system with an open 
flow for seawater and a closed loop for air. Figure 1 shows aconceptual scheme of that system.  
Fig 1. Scheme of original MEH desalination system 
 
The system works this way: cold seawater is introduced to the system thru point 1. It flows along a 
liquid-gas heat exchanger, increasing its temperature due to thermal contact with internal hot air. Between 
point 2 and 3, the slightly hot seawater is directly or indirectly heated by means of solar collectors. The 
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seawater reaches its highest temperature at exit of solar field (point 3). Then it is poured through an 
evaporator whose main function is to provide a very high evaporative area. Hot water is then evaporated 
at the expense of its own sensible heat, thus lowering its temperature. Remaining liquid water, slightly 
concentrated in salt content, is extracted thru point 4. This liquid is denominated brine. 
On the other hand, air moves in a closed loop. Thru the evaporator region it is heated and humidified 
due to the mixing with water vapor. In the condenser region it is cooled due to the thermal contact with 
cool seawater thru heat exchanger. This cooling produces water condensation and, as said before, the 
latent heat of water is transferred to seawater, heating it. 
2. System improvement 
The main advantage reported by Hermosillo et al., is the full recovery of heat of condensation at the 
condenser. This is experimentally observed by the fact that seawater temperature rise equals water 
condensed, in terms of heat: 
 
  
(1) 
 
 
(2) 
 
Where condQ  is heat rategained by seawater thru condenser and DQ  is equivalent heat content in distillate 
flow.Every variable on right sides of both equations can be measured or calculated. Then, both heat fluxes 
can be observed independently and it has been observed that cond DQ Q| . However, the main heat loss of 
the system is carried with the brine which can be rejected at temperatures higher than desired (40-50 °C). 
Rejected brine temperature is a function of a number of geometric an operational variables. The fact 
that at optimal production conditions this temperature is still high, means than a new internal design is 
needed. However, before building a new system with improved elements, it was decided to recover heat 
from the brine, and deliver it to income seawater. Fig. 2 shows the modified system in which a coil heat 
exchanger was added before point 1, and this was immersed in a tank containing hot brine Then, the 
seawater is preheated in two stages: the first one in which cold seawater flows thru a heat exchanger from 
point 0 to 1, where its temperature is raised to a certain point taking heat from rejected brine, and the 
second one in which is introduced to desalination unit as in Figure 1. In this modified system, the rejected 
brine is cooler than in the original one, after leaving the heat exchanger thru point 6. 
Preheating a cooling fluid is opposed to basic intuition. However, it was experimentally observed that 
temperature differences between cold seawater and internal hot air could be reduced still producing 
condensation. Taking advantage of this observation, it could be possible to produce a higher temperature 
at point 2, and further adding solar heat, temperature at point 3 could be near boiling point without the 
need of more external energy. Boiling is not desired in MEH systems, because they are not designed to 
work in such a situation; however, the higher the temperature at point 3, the higher the vapor pressure and 
the rate of water evaporation into air. 
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3. Experimental work 
Experimental work was done using the equipment previously described by Hermosillo et al. [4], whose 
main characteristics are: condenser section is a box of 0.305 x 0.305 m2 of cross section and 0.335 m of 
length. The heat exchanger inside this box is a liquid-gas type, with water flowing upwards through 105 
vertical tubes and air flowing through 57 horizontal fins. The total heat exchange area is 3.5 m2. The 
evaporator section is a box of the same cross section and 0.40 m of length. The substratum for evaporation 
is a block of cellulose of same cross section and 0.15 m of horizontal length. The total area for 
evaporation, assuming complete wetting is 4.2 m2. The whole system is thermally insulated with 0.05 m 
thick polystyrene foam plates. The added heat exchanger is a copper coil tubing, providing a surface of 
0.024 m2 for heat exchange. The external brine was continuously agitated to improve this process. 
 
Fig. 2. Modified system to recover brine heat 
 
Air is moved by means of a small air blower and a 12 V DC motor that allows for an accurate airflow 
control. The motor is controlled with a BK Precision Model 1627A power supply. The external heat is 
provided via ten 100 W electrical resistances that can be used to simulate the solar input through a day, 
and the actual heat input is monitored via voltage and amperage. Temperatures are measured with type T 
thermocouples and registered with data acquisition systems Measurement Computing USB-TC. The flow 
rate of water is measured with an Omega 215 rotameter and the airflow is measured with an Extech 
407112 digital anemometer. The rate of distillation is measured with a 25 ml graduated test tube and a 
chronometer. 
In order to compare results, experiments were done in steady state conditions, with input flow of water 
of L = 0.017 kg/s (equivalent to 1.0 liter per minute reading on the rotameter) and a controlled heat flow 
of 2000 W. Other variables needed to perform heat balances, such as ambient temperature and water 
temperature at entrance were measured but not controlled. 
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4. Results and discussion 
In order to study the modification, heat and distillation rates were measured.Measured heat rate 
incomes were: heat rate recovery from the brine, heat rate recovery in condenser and external power 
supplied. Measured heat rate outcomes were: distillate sensible heat, distillate heat content, brine leaving 
evaporator, and external losses.External power was measured via voltage and current; distillate heat 
content was measured via distillation rate and using Eq. (2). Other heat rates were measured using Eq. (1) 
or similar, considering temperatures accordingly. “Other losses” were obtained from difference between 
incomes and outcomes. 
 
 
 
Fig. 3. Measured heat rates 
 
Fig. 3 shows graphically the average results of similar runs. Left column shows that 857 W were 
recovered from brine, and 1521 W were recovered in the condenser, making a total rate of heat recovered 
greater than external power added. Runs were made with and without brine heat recovery in order to 
compare results in similar conditions. The heat recovery adds about 10 to 12°C at point 1, which pushes 
up the temperatures at points 2 and 3 in similar amounts. This added heat and temperature produces an 
increment of distillation rate of about 6%, although in some cases this increment was 10 and 12% 
(ambient temperature is critical for external losses, which changes internal heat balances). 
Other experimental runs were made with longer coils and larger heat recovery areas. However, it is 
possible to “recover” too much heat, thus rising temperatures too high at point 1. This can lead to 
condenser temperatures which do not produce a good distillation rate. In fact it can be lower than without 
any heat recovery. 
5. Conclusion 
The design of MEH units is not a straightforward process, having heat flows very interrelated. The 
optimization of internal design is more desirable than the heat recovery from the out coming brine. 
However, it was found that it is possible a significant amount of heat recovery, with a relatively simple 
addition, resulting in an improved rate of distillation. 
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